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ABSTRACT OF THE DISCLQSURE 

A simple, high-gain, voltage monitoring circuit wherein 
a low voltage condition causes the low voltage detecting 
and amplifying transistors to bring in an alarm. A high 
voltage condition causes the high voltage detecting tran 
sistor to reduce the bias supplied to the low voltage de 
tecting transistor and again bring in the alarm. 

This invention relates to voltage monitoring circuits and 
more particularly to high sensitivity voltage monitoring 
and alarm circuits. 
The voltage monitoring circuits of the prior art vary 

from mechanical arrangements using relays to relatively 
complex solid state circuitry. The mechanical arrange 
ments generally employ a large number of marginal type 
relays which have an initially high cost and are expensive 
to maintain. Since the sensitivity, i.e., the accuracy with 
which the circuit indicates a monitored voltage above or 
below a predetermined value, of these mechanical circuits 
is usually no greater than that or“ comparable solid state 
circuitry, these latter circuits, which are less expensive to 
construct and maintain, are generally preferred. 

Solid state monitoring circuits, however, also have many 
disadvantages. Generally, the voltage detecting or moni 
toring transistors exhibit a large amount of base-collector 
current leakage which reduces the sensitivity with which 
an excursion of the monitored voltage outside a predeter 
mined range can be detected. Although silicon n-p-n tran 
sistors with only relatively small base-collector leakage 
currents are readily available commercially, silicon p-n-p 
transistors with the same low leakage currents do not have 
the same ready commercial availability. Since the prior art 
usually employs transistors of opposite conductivity types 
in voltage monitoring circuits to facilitate the use of a sin 
gle voltage excursion indicator, such as an alarm, the 
sensitivity of these circuits is relatively poor. 
The voltage monitoring circuits of the prior art also 

required several biasing sources to establish desired oper 
ating levels for the voltage detecting transistors therein. 
Since for many monitoring circuit applications only the 
voltage to be monitored is available to supply the biasing 
potentials to the voltage detecting transistors, this multiple 
biasing source requirement severely limits the applicability 
of these monitoring circuits and diminishes their fail-safe 
ability, i.e., their ability to provide an indicaton of a total 
loss of monitored voltage or a trouble condition within 
the monitor itself. Although solid state circuits using a 
single source of potential and having predetermined 
switching limits, such as Schmitt trigger circuits, are 
known to the art, the inherent wide switching threshold 
variations (hysteresis) in such circuits limit their sensitiv 
ity, and hence applicability, for most voltage monitoring 
applications. 

It is, therefore, an object of this invention to provide a 
solid state voltage monitor circuit with a high degree of 
sensitivity that does not require additional biasing sources. 

In accordance with a feature of this invention, the high 
voltage detecting transistor is connected to the biasing 
network of the low voltage detecting transistor which is in 
turn connected to an abnormal voltage indicator that reg 
isters monitored voltage excursions outside a predeter 
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mined normal voltage range in response to the state of 
conduction of the low voltage detecting transistor. A mon 
itored voltage excursion above the upper predetermined 
limit of the normal voltage range will initiate conduction 
through the high voltage detecting transistor and reduce 
the bias supplied to the low voltage detecting transistor 
to render this transistor nonconductive and provide an 
abnormal voltage indication or registration. A monitored 
voltage excursion below the lower predetermined limit of 
the normal voltage range will also cause the low voltage 
detecting transistor to become nonconductive and cause 
an abnormal voltage registration. This novel interaction 
of the detecting transistors permits the circuit to perform 
the monitoring function using only the potential being 
monitored as a biasing source, without the prior art neces\ 
sity of additional biasing potential sources. As an added 
advantage, the interaction of the detecting transistors fa 
cilitates the use of individual low leakage n-p-n silicon 
transistors, which are readily available commercially, as 
both the high and low voltage detecting devices. The fail 
safe and sensitivity characteristics of the monitor are thus 
greatly improved over the characteristics of the monitor 
ing circuits of the prior art. 

Other objects and features of the present invention will 
become apparent upon consideration of the following de 
tailed description when taken in connection with the ac 
companying drawing, in which: 
FIG. 1 is a schematic diagram of an embodiment of the 

invention; and 
FIG. 2 graphically illustrates the superior sensitivity ad— 

vantages of the present invention. 
As can be seen from FIG. 1 of the drawing, a regulated 

source 1 is serially connected to supply a load 2, the volt 
age across which it is desired to monitor. The low voltage 
sensing potentiometer 3 is serially connected with a re 
sistor 4- across the load 2 to be responsive to the voltage 
to be monitored. A second potentiometer 5 is generally 
connected with current limiting resistor 20 across the load 
2 to also be responsive to the voltage being monitored. 
The low voltage detecting silicon n-p-n transistor 6 has 
its base electrode connected to the wiper arm of the po 
tentiometer 3. The emitter electrode of transistor 6 is con 
nected to the emitter electrode of high voltage detecting 
n-p—n transistor 7. Zener diode 3 is serially connected, in 
the Zener direction, with varistor 9 from the common 
emitter connection of transistors 6 and 7 to the common 
negative terminal of the source 1 and the load 2. The 
collector electrode of transistor 7 is connected to the junc 
ture of potentiometer 3 and resistor 4 to provide the inter 
action noted heretofore, as discussed in detail hereinafter. 
Resistors 14) and 11 are serially connected from the col 
lector electrode of transistor 6 to the common positive 
terminal of the source 1 and load 2. Varistor 12 is con 
nected between the emitter electrode of amplifying transis 
tor 14 and the common positive terminal of the source 1 
and load 2. The base electrode of p-n-p amplifying tran 
sistor 14 is connected to the juncture of resistors 10 and 
11. The collector electrode of amplifying transistor 14 
is connected to supply current to the indicator 15, which 
may be any conventional indicating or registrating net 
work such as, for example, a normally operated relay 
with a battery and bell connected to the break contacts 
thereof. Indicator 15 is also connected to the common 
negative terminal of the source 1 and load 2. Resistor 16 
and capacitor 18 are serially connected from the common 
negative terminal of the source 1 and load 2 to the collec 
tor electrode of amplifying transistor 14. Resistor 19 is 
connected from the common emitter connection of transis 
tors 6 and 7 to the emitter electrode of transistor 14. Re— 
sistor limits the current through potentiometer 5 at the 
extreme settings of this potentiometer. 
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The operation of the voltage monitoring circuit of FIG. 
1 can best be understood by ?rst discussing the usual con 
dition of the monitoring circuit during which the moni 
tored voltage is in the normal range above (more negative 
with respect to the common positive terminal) a ?rst, but 
below (less negative with respect to the common positive 
terminal) a second, predetermined magnitude or limit. 
The base electrode of transistor 6 is connected to the wiper 
arm‘ of potentiometer 3 to sample a preset portion of the 
voltage to be monitored. The ‘sampled voltage is com 
pared with the reference potential of the network com 
prising Zener diode 8 and varistor 9, the potential across 
Which remains constant, with respect to the emitter-base 
potentials of transistors 6 and 7, over a relatively wide 
temperature range. Resistor 19 both insures that Zener 
diode 8 is continuously conducting in the inverse direc 
tion for most monitored voltage magnitudes other than an 
essentially complete loss of load potential and, addition 
ally, provides a bias current for varistors 9 and 12. The 
wiper arm of potentiometer 3 is preadjusted for a particu 
lar application so that transistor 6 will normally be con 
ductive for voltages above a predetermined minimum 
value. If the voltage being monitored falls below this 
rrrinimum value then the reference bias across Zener diode 
8 and varistor 9 causes low voltage detecting transistor 6 
to become nonconductive and in turn terminate the con 
duction through amplifying transistor 14. 
The base-emitter path of amplifying transistor 14 is 

serially connected with varistor 12 and resistor 11, the 
latter of which is serially connected in the collector-emit 
ter path of low voltage detecting transistor 6. Varistor 12 
provides a reverse bias, notably at high environment tem 
peratures, to help bias transistor 14 out of conduction to 
cause an abnormal monitored voltage indication, as dis 
cussed hereinafter. If the voltage being monitored is above 
the preset minimum value or low range limit, transistor 
6 will be conductive and current will ?ow from the posi 
tive terminal of the source 1 through resistor 11, current 
limiting resistor 10, the collector-emitter path of transis 
tor 6, Zener diode 8, and varistor h, back to the negative 
terminal of the regulated source 1. The current ?ow 
through resistor 11 causes a potential drop thereacross, of 
the polarity indicated on the drawing, sufficient to bias 
inexpensive amplifying transistor 14, which need not have 
the same low leakage currents as the detecting transistors, 
into conduction. Conduction through transistor 14 causes 
current to ?ow into the indicator 15, which should, there 
fore, be of a type responsive to the absence of a current 
input to indicate or register an abnormal condition, which 
in the present case, will be a high or low monitored volt 
age excursion. As noted heretofore, for example, the in 
dicator 15 may be any conventional indicating or regis 
tering circuitry such as a normally operated relay with a 
battery and bell serially connected to break contacts there 
of such that the bell is activated only in the absence of 
current through the normally operated relay. 

If, therefore, the voltage being monitored or the voltage 
across the load 2 should drop (i.e., a monitored voltage 
excursion wherein the load voltage is less negative with 
respect to the positive terminal) so that the magnitude 
of the predetermined portion of the voltage appearing 
across potentiometer 3 is less than the magnitude of the 
constant reference voltage across Zener diode 8 and varis 

' tor 9, transistor 6 will cease to conduct and current will 
no longer ?ow through the collector-emitter path of tran 
sistor 6 and resistor 11. Since there is no longer any volt 
age drop across resistor 11, transistor 14 will also cease 
to conduct, there will be no current input to the indicator 
15, and an abnormal voltage condition will be registered. 
Once the abnormal condition or excursion is terminated, 
the monitoring circuit will again automatically resume 
normal operation. If desired for a particular application, 
however, a self-locking indicator circuit, such as a lock 
ing relay, could be used to prevent resumption of the nor 
mal monitoring operation. In such an application, reset 
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A 
circuitry, such as a pushbutton, could be connected across 
resistor 11 to release the indicator and restart the monitor. 
It should be apparent, of course, that the indicator 15 ' 
could also include a counting circuit which counted the 
number of times the current therethrough was terminated 
for applications where such an indication might be de 
sired. 

Potentiometer 5 is normally preset, for a particular 
monitoring application, so that the voltage appearing be 
tween the base and emitter electrodes of transistor 7 is 
insufficient to bias this transistor into conduction. In the 
normal voltage range, therefore transistor 6 will be con 
ductive while transistor 7 is nonconductive. If, however, 
the voltage being monitored should rise (i.e., a monitored ; 
voltage excursion wherein the load voltage is more nega 
tive with respect to the positive terminal) so that the 
potential at the base electrode of transistor 7 is greater 
than the reference potential at the emitter electrode, then 
transistor 7 will be biased into conduction. As soon as 
transistor 7 becomes conductive, current will ?ow from 
the positive terminal of the source 1 through resistor 4, the 
collector-emitter path of transistor 7, Zener diode 8, and 
varistor 9, back to the negative terminal of the source 1. 
Since the path comprising the collector-emitter path of 
transistor 7, Zener diode 8, and varistor 9 presents a sec 
ond current path for the current leaving resistor 4, the cur 
rent through, and hence the voltage across, potentiometer 
3 immediately drops, and transistor 6 ceases to conduct 
upon conduction through the collector-emitter path of 
transistor 7. As discussed heretofore in connection with 
the low voltage condition, termination of conduction 
through the collector-emitter path of transistor 6 also 
causes transistor 14 to be nonconductive, removes the 
current input to indicator 15, and causes an abnormal 
voltage registration. An abnormal voltage registration 
will, therefore, be provided for either a high or a low 
voltage excursion outside the predetermined normal range. 

In summary, a monitored voltage excursion above the 
predetermined limit determined by the adjustment of po 
teneiometer 5 will cause transistor 7 to be biased into 
conduction to remove the forward conductive bias ‘from 
low voltage detecting transistor 6, which becomes non 
conductive. Terminating the conduction through transis 
tor 6 causes transistor 14 to become nonconductive and 
thus remove the current input from the indicator 15 to 
register a monitored voltage excursion. A monitored volt 
age excursion below the predetermined limit determined 
by the adjustment of potentiometer 3 will, however, di 
rectly terminate the conduction through transistors 6 and 
14 to also cause an abnormal voltage registration. In the 
circuit characteristics illustrated by FIG. 2, for example, 
if the indicator 15 were responsive so as to provide an ab 
normal voltage registration when input current to the in 
dicator fell to a level indicated by an indicator input volt 
age below 16 volts, then an abnormal voltage registration 
would be provided when the voltage being monitored fell 
below 20.10 volts and rose above 21.75 volts. Other ad 
justments of potentiometers 3 and 5 will, of course, vary 
the high and low voltage limits, as desired. It should be 
noted that the high and low voltage limits may be preset in 
dependently of each other. 

Indicator 15 will normally be a simple and relatively 
inexpensive circuit. As noted heretofore, a normally oper 
ated relay with a battery and bell connected to the break 
contacts thereof would suffice for alarm applications. The 
response of such inexpensive circuitry to a reduction of 
input voltage or current will vary both from circuit to 
circuit and, in a particular circuit, with temperature varia 
tions. To provide a reliable indication of monitored volt 
age excursions, therefore, it is usually necessary to reduce 
the voltage or current input to the indicator from the nor 
mal level to a negligible value. For this reason, the sensi~ 
tivity of a monitor is best measured in terms of indicator 
input voltage or current versus monitored voltage. 
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The superior sensitivity characteristics of the present 
invention can be easily seen from FIG. 2 of the drawing 
wherein the voltage input to the indicator 15 is plotted on 
the ordinate and the voltage being monitored is plotted, on 
an expanded scale, as the abscissa. In the left-hand charac 
teristic of FIG. 2, which represents the low voltage re 
sponse, the input voltage to the indicator 15 drops from 
approximately 20 volts to zero with only an .075 volt 
monitored voltage variation, i.e., the monitored voltage 
change below present magnitude necessary to cause 
the input indicator voltage to drop from 20 volts to zero. 
Since a reduction to zero in the input indicator voltage 
will only rarely be necessary to cause a loss of input cur 
rent registration, however, the .075 volt ?gure, although 
surprisingly small, is somewhat misleading. It has been 
found experimentally that low voltage registrations will 
reliably be provided in the range between .030 and .040 
volt below the predetermined lower monitored voltage 
limit. 
As can be seen from the right-hand characteristic of 

FIG. 2, which represents the high voltage limit response, 
a monitored voltage change of only .01 volt above the pre 
set high voltage magnitude will cause the indicator input 
voltage to drop from approximately 21 volts to zero to im 
rnediateily provide an abnormal voltage registration. The 
greater sensitivity exhibited by the high voltage character 
istic is due ot the extra stage of gain obtained for a high 
voltage excursion which, as discussed, involves transis 
tors 6, 7, and 14, while a low voltage excursion involves 
only transistors 6 and 14. It should be obvious, of course, 
that if a sensitivity greater than .040 volt were desired for 
a low voltage excursion, this could be obtained simply by 
inserting an extra amplifying stage between the collector 
electrode of transistor 14 and the indicator 15. On the 
other hand, it should be equally obvious that if a sensi 
tive indicator 15 is used, or if less circuit sensitivity is re 
quired, then ampli?er transistor 14 may be eliminated 
with the indicator 15 connected directly to the collector 
electrode of transistor 6. 
The above described arrangement is illustrative of the 

principles of the invention. Other embodiments may be 
devised by those skilled in the art without departing from 
the spirit and scope of the invention. 
What is claimed is: 
1. A voltage monitoring circuit ‘comprising ?rst and 

second transistors each having base, collector, and emitter 
electrodes, ?rst voltage sampling means for applying a 
?rst predetermined portion of the voltage to be monitored 
to the base electrode of said ?rst transistor, second volt 
age sampling means for applying a second predetermined 
portion of the voltage to be monitored to the base electrode 
of said second transistor, a source of reference voltage, 
means connecting said source of reference voltage to the 
emitter electrodes of each of said ?rst and second transis 
tors, an indicator connected to the collector electrode of 
said ?rst transistor to register an excursion of the voltage 
at the base electrode of said ?rst transistor to a magnitude 
less than the magnitude of said reference voltage, and 
means connecting the colector electrode of said second 
transistor to the base electrode of said ?rst transistor to 
cause the bias at the base electrode of said ?rst transistor 
to be reduced when an excursion of the voltage being mon 
itored increases the voltage at the base electrode of said 
second transistor to a magnitude greater than the magni 
tude of said reference voltage, whereby said indicating 
means registers an abnormal voltage condition whenever 
the magnitude of the ?rst predetermined portion of the 
monitored voltage falls below the magnitude of the refer 
ence voltage or the magnitude of the second predetermined 
portion of the monitored voltage exceeds the magnitude 
of the reference voltage. 

2. A voltage monitoring circuit comprising ?rst and 
second transistors of like conductivity type each having 
base, collector, and emitter electrodes, a Zener diode, ?rst 
and second potentiometers, a resistor, means serially con 
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6 
necting said ?rst potentiometer and said resistor to sample 
the voltage to be monitored, means connecting said second 
potentiometer to sample the voltage to be monitored, 
means connecting the base electrode of said ?rst transis 
tor to the wiper arm of said ?rst potentiometer, means 
connecting the base electrode of said second transistor to 
the wiper arm of said second potentiometer, means con 
necting said Zener diode to be responsive to the voltage to 
be monitored so that said Zener diode is continuously con 
ducting in the Zener direction, means connecting said 
Zener diode to tie emitter electrodes of each of said ?rst 
and second transistors, an alarm, means connecting said 
alarm to the collector electrode of said ?rst transistor, and 
means connecting the collector electrode of said second 
transistor to the juncture of said ?rst potentiometer and 
said ?rst resistor to cause said alarm to indicate current 
?ow through the collector-emitter path of said second 
transistor. 

3. A voltage monitoring circuit comprising ?rst and sec 
ond n-p-n transistors, a p-n-p transistor, each of said tran 
sistors having base, collector, and emitter electrodes, ?rst 
and second Potentiometers, ?rst and second resistors, a 
Zener diode, means serially connecting said ?rst poten 
tiometer and said ?rst resistor to be responsive to the volt 
age to be monitored, means connecting said second poten 
tiometer to be responsive to the voltage to be monitored, 
means connecting the base electrodes of each of said ?rst 
n-p-n transistors to the wiper arms of each of said ?rst 
and second potentiometers respectively, means connect 
ing said Zener diode across the voltage to be monitored so 
that said Zener diode is continuously conducting in the 
Zener direction, means connecting said Zener diode to the 
emitter electrodes of each of said ?rst and second n—p-n 
transistors, means serially connecting said second resistor 
from the emitter electrode of said p-n-p transistor to the 
collector electrode of said ?rst n-p-n transistor, means con 
necting the base electrode of said p-n-p transistor to the 
collector electrode of said ?rst n-p-n transistor, means 
connecting said second resistor across the base-emitter 
electrode of said p-n-p transistor, an alarm, means con 
necting said alarm to the collector electrode of said p-n-p 
transistor, said means connecting the collector electrode 
of said second n-p-n transistor to the juncture of said ?rst 
potentiometer and said ?rst resistor. 

4. A voltage monitoring circuit comprising ?rst and 
second transistors each having their collector-emitter path 
connected across the voltage to be monitored and their 
base-emitter paths connected across at least individual 
portions of the voltage to be monitored, said ?rst transis 
tor being responsive to an excursion outside one limit 
of said monitored voltage range, said second transistor 
being responsive to an excursion outside the other limit 
of said monitored voltage range, an indicator connected 
to said ?rst transistor to register signals from said ?rst 
transistor and thereby indicate excursions outside said 
one limit of the monitored voltage range, and means con 
necting said second transistor to said ?rst transistor to 
cause said ?rst transistor to be responsive to a signal from 
said second transistor so that said indicator registers a 
monitored voltage excursion outside said other of said 
monitored range limits. 

5. A voltage monitoring circuit comprising ?rst and 
second transistors each having their collector-emitter paths 
connected across the voltage to be monitored and their 
base-emitter paths ‘connected across at least individual 
portions of the voltage to be monitored to detect moni 
tored voltage excursions outside a range having ?rst and 
second predetermined limits, said ?rst voltage detecting 
means being responsive to voltage excursions below said 
?rst predetermined limit, said second voltage detecting 
means being responsive to voltage excursions above said 
second predetermined limit, an indicator connected to said 
?rst transistor to register signals from said ?rst transistor 
and thereby indicate excursions below said ?rst prede 
termined limit of the monitored voltage range, and means 
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connecting said second transistor to said ?rst transistor to OTHER REFERENCES 
cause said ?rst transistor to be responsive to a signal ‘from IBM Tech Discl- Bul , “Voltage Detection chum ” 
said second transistor so that said indicator registers moni- ' ' " ’ 
tored vol‘a e excursions above said second redetermined v01’ 3’ No‘ 6’ November 1960’ p' 37' t g p IBM Tech. Discl. 13111.: “High-Low Limit Detector,” 
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